Kampo medicines consisting of multiple botanical raw materials are the drugs that contain a number of pharmacologically active substances. Conventionally, quality control has been performed by analyzing the contents of two or three representative components that are contained in botanical raw materials.
The keishibukuryogan formula, whose botanical raw materials are Cinnamomi Cortex, Poria, Moutan Cortex, Persicae Semen, and Paeoniae Radix, possesses pharmacological actions, e.g., blood flow-increasing activity, 1, 2) anti-inflammatory activity, 3) and estrogen-like activity, 4) and has been reported to be effective for sorts of disorders, e.g., endometritis, 5, 6) menstrual irregularity, 5) menopausal disorders, 7, 8) and rheumatoid arthritis. 9) The keishibukuryogan extract listed on the Japanese Pharmacopoeia 10) is specified only for the contents of its three components-cinnamic acid derived from Cinnamomi Cortex, paeoniflorin derived from Moutan Cortex and Paeoniae Radix, and amygdalin derived from Persicae Semen. However, keishibukuryogan contains components apart from the above three components, e.g., cinnamic aldehyde, benzoic acid, and coumarin derived from Cinnamomi Cortex, albiflorin and pentagalloylglucose derived from Paeoniae Radix, paeonol derived from Moutan Cortex, as well as oxypaeoniflorin and benzoylpaeoniflorin derived from Moutan Cortex/Paeoniae Radix. Among them, not a few components are involved in the pharmacological actions of the drug. Furthermore, many researches to elucidate the pharmacological actions of keishibukuryogan have been made strenuously. 11, 12) However, only a part of the pharmacologically active components has been elucidated.
Nowadays when analytical technologies are advanced, it is not sufficient to check quality only with a limited number of specific components. The construction of techniques to evaluate multiple component drugs is being required. In fact, the guidelines on botanical drug products that were issued by the Food and Drug Administration (FDA) 13) have specified that fingerprints using spectroengineering procedures to evaluate quality should be provided. In general, multivariate analysis has frequently been used to evaluate chromatography-fingerprints of multiple component drugs. Applied procedures, e.g., principle component analysis (PCA), [14] [15] [16] [17] hierarchical clustering method (HCM), 18) multivariate curve resolutionalternating least squares analysis (MCR-ALS), 19) correlation optimized warping (COW), 20) and Mahalanobis-Taguchi system method (MTS), 21) have been reported. We performed this study with an objective to perform the clustering of pharmaceutical manufacturers and botanical raw materials by using HPLC-fingerprints of keishibukuryogan formulas.
HPLC analysis was made with the samples of the keishibukuryogan formulas (287 lots) principally consisting of TJ-25 (keishibukuryogan extract granules manufactured by Tsumura & Co.). The peak areas of the above 11 major components (Table 1) obtained from chromatograms were used as feature values, and self-organizing maps (SOMs)-a class of the neural network-were applied to make a cluster analysis.
Analytical Conditions for HPLC Solvent systems, solvent ratios, and acid concentrations were compared to examine conditions for extraction. Consequently, a mixture of methanol and 0.1% phosphoric acid (3 : 1) was selected as an extracting solvent that is capable of efficaciously recovering multiple components and ensuring the stability of components in the extracting solvent. Regarding analytical conditions for HPLC, furthermore, solvent systems, solvent ratios, Kampo medicines, traditional herbal medicines in Japan, are comprised of multiple botanical raw materials that contain a number of pharmacologically active substances. Conventionally, the quality control of kampo medicines has been performed by analyzing the contents of two or three representative components. However, it is not sufficient to check quality only with a limited number of specific components. We performed HPLC of 287 lots of keishibukuryogan formulas, calculated the areas of 11 components on chromatograms as feature values and made a cluster analysis using self-organizing maps (SOMs). We verified the precision (repeatability and intermediate precision) of clustering results when using the same samples and successfully established an clustering method using SOMs that is capable of precisely clustering differences in HPLC-fingerprints among pharmaceutical manufacturers, differences in HPLC-fingerprints due to the combination ratios of botanical raw materials, and differences in HPLC-fingerprints due to changes in component contents caused by time-course deterioration. Consequently, we could confirm that this method is useful for controlling the quality of multiple component drugs and analyzing quality differences.
the presence or absence of adding phosphoric acid, and gradient conditions were examined to find HPLC conditions that excel in resolution among multiple components and in their precision and linearity ( Fig. 1) .
On the UV spectra of the 11 major components, many components exhibited a maximum at not more than 200 nm, while other components also exhibited end absorption at the wavelength range between 200 nm and 210 nm (Fig. 2) . Therefore, the use of wavelengths between 200 nm and 210 nm was considered to allow the encompassing detection of all peak components. The wavelength of 210 nm was employed in consideration of increases in baseline associated with increased concentrations of phosphoric acid in the mobile phase and of decreases in detector's precision at the wavelength of about 200 nm. Samples for HPLC Analysis A total of 287 lots, 267 lots of TJ-25 and 20 lots manufactured by other nine drug manufacturers, were used as samples ( Table 2) .
For the purpose of verifying precision, furthermore, one given lot among the TJ-25 lots was additionally analyzed 21 times to verify intermediate precision and 8 times to verify repeatability. A total of 316 analytical data were obtained.
The content of the keishibukuryogan extract differs among the formulas manufactured by different drug manufacturers. Therefore, samples were prepared in such a manner to contain a given amount (about 115 mg) of the extract based on the content of the keishibukuryogan extract contained in each manufacturer's formulas.
Clustering Using SOMs Multivariate analyses, which evaluate HPLC-fingerprints and express them visually or numerically, involve sorts of procedures. However, each of them has drawbacks and advantages. In this study, SOMs were used as a clustering procedure because not less than 300 records and 11 feature values were handled and there were numerous feature classifications that should be clustered.
In consideration of the number of records, 25 (5ϫ5) classes of SOMs were used to cluster 316 records and 11 feature values which had been obtained.
Furthermore, an add-in software of Excel, Neural Network Predict version 3.11 (Neuralware, Carnegie, PA, U.S.A.), was used to make a cluster analysis using SOMs.
Results and Discussion
Results of the clustering of other manufacturers' keishibukuryogan formulas and records to verify precision are shown in Table 3 .
Precision All records of precision, 21 records of intermediate precision, and 8 records of repeatability were assigned to the cluster (3, 3) . Therefore, we could verify the precision of analytical conditions for HPLC and of clustering results when using the same samples.
Differences in HPLC-Fingerprints among Drug Manufacturers The results of the TJ-25 and other manufacturers' keishibukuryogan formula clustering are shown in Fig.  3 . Records of TJ-25 and other manufacturers' keishibukuryogan formulas are present concurrently in cluster (1, 4), cluster (2, 4), and cluster (5, 4). However, TJ-25 and other manufacturers' keishibukuryogan formulas were classified nearly completely.
Regarding two [cluster (1, 5) and cluster (2, 5)] of 3 clusters to which only other manufacturers' keishibukuryogan formulas had been assigned, Euclidean distance among adjacent clusters was not less than 1.5 (Fig. 4) . Therefore, other manufacturers' keishibukuryogan formulas assigned to these 
Fig. 4. Numbers of Records in Clusters and Euclidean Distances among Adjacent Clusters
Blue: intercluster distance is not more than 1.0. Yellow: intercluster distance is more than 1.0 and not more than 1.5. Pink: intercluster distance is more than 1.5. Green: cluster to which only other manufacturers' keishibukuryogan formulas are assigned.
clusters were disclosed to have greatly different amounts of contained components.
Regarding all TJ-25-assigned clusters, on the other hand, Euclidean distance among adjacent clusters was les than 1.5. Furthermore, the same manufacturer's lot(s) were assigned to individual clusters with respect to other manufacturer's keishibukuryogan formulas (Table 3 ). This result revealed that intramanufacturer consistency in amounts of contained components in the same manufacturer's formulas is higher than intermanufacturer consistency.
Comparisons of the components of 3 clusters, in which only other manufacturers' keishibukuryogan formulas had been clustered, revealed the following differences in HPLCfingerprints among manufacturers: the cluster (1, 5) has high contents of paeoniflorin, benzoic acid, and cinnamic acid and low contents of oxypaeoniflorin, pentagalloylglucose, and paeonol; the cluster (2, 1) has low contents overall, especially low contents of paeoniflorin and benzoic acid; and the cluster (2, 5) has high contents of amygdalin, benzoic acid, and cinnamic aldehyde and low contents of cinnamic acid and coumarin (Fig. 5) .
The same amounts of Cinnamomi Cortex, Poria, Moutan Cortex, Persicae Semen, and Paeoniae Radix are mixed to make the keishibukuryogan extract. Therefore, there is no difference in the combination ratios of botanical raw materials among drug manufacturers. However, conditions for the manufacturing process of the kampo medicine-extraction, concentration, desiccation, and granulation-differ among drug manufacturers. Furthermore, there are great differences in suppliers of botanical raw materials and in cultivation sites that affect the quality of the kampo medicine extracts. The successful evaluation of differences among drug manufacturers resulted from the facts that differences in manufacturing conditions among manufactures and in quality of botanical raw materials are manifested as differences in the feature values of peak areas on high-performance liquid chromatograms and that the cluster analysis using SOMs could precisely classify these differences.
Differences in HPLC-Fingerprints Due to Differences in Botanical Raw Materials Every drug manufacturer produces their formulas under established conditions. Therefore, the major factor to affect the quality of products is the quality of botanical raw materials. On the other hand, botanical raw materials are naturally-derived products. It is hence difficult to continually obtain botanical raw materials of given quality. There is a few bias in the quality of botanical raw materials, and the bias is considered to affect product quality.
Multiple lots, which had been manufactured at the same lot combination ratios of botanical raw materials (more than 5 records), were extracted, and the results of their clustering are shown in Table 4 .
The records of 2 lot compositions (lot compositions h and j) were assigned to 2 clusters. However, the records of other lot compositions were assigned into an individual cluster per lot composition.
The above results clarified that the clustering using SOMs discerns slight differences in formula quality due to differences in botanical raw material lots of the keishibukuryogan formulas of the same manufacturer and allows the clustering almost exactly by botanical raw material lot composition. Blue: group A (storage period: Յ5 years). Yellow: group B (storage period: 6-8 years). Pink: group C (storage period: 9-10 years).
Differences in HPLC-Fingerprints Due to Differences in Storage Period
ity during storage period after manufacture. To assess differences in HPLC-finger prints during storage period, a total of 267 lots of TJ-25 were classified to 3 groups (group A: Յ5 years after manufacture; group B: 6-8 years after manufacture; and group C: 9-10 years after manufacture); the results of their clustering were compared (Fig. 6) .
Although a slight overlap was found, these groups were classified nearly completely according to storage period. Therefore, classified clusters were verified to change along with storage period. Furthermore, a comparison of the components in each group verified that coumarin and cinnamic aldehyde contents decrease and benzoic acid contents increase along with a longer storage period.
Changes in the quality of botanical raw materials according to the year of manufacture and the minor effects of manufacturing conditions cannot be denied completely. Nevertheless, we consider that the cluster analysis using SOMs successfully detected differences in formula quality (amount of contained component) due to time-course changes.
Conclusion
There are many cases of using multivariate analyses to evaluate the quality of multiple component drugs, and cases of classifying interfactory differences by cluster analyses have been reported. 18 ) However, we used SOMs to evaluate the quality of multiple component drugs, ensured the precision of the same samples, and could develop a clustering procedure capable of discerning not only differences among drug manufacturers but also differences due to botanical raw materials of the same manufacturers.
In the keishibukuryogan formulas of the same drug manufacturers that show no large differences in manufacturing conditions and in procuration routes for botanical raw materials, we could evaluate, by cluster analyses, 1) differences in HPLC-fingerprints due to differences in lots of botanical raw materials and 2) differences in HPLC-fingerprints due to long-term storage-induced changes in the amounts of contained components.
Regarding differences in HPLC-fingerprints due to differences among drug manufacturers, furthermore, we verified that the analysis of feature values that were normalized after the SOM analysis can readily specify clustering factors (i.e., feature values of component contents among manufacturers).
Therefore, we could demonstrate the usefulness of SOMs in evaluating the quality of multiple component drugs by HPLC fingerprints.
Experimental
HPLC Analysis. Preparation of Samples A sample was pulverized with a porcelaneous mortar and then passed through a sieve with wire opening of 300 mm. The pulverized sample equivalent to 115 mg of the extract was weighed and transferred into a 50-ml glass-stoppered centrifuge tube.
Add 30 ml of a mixture of methanol and 0.1% phosphoric acid (3 : 1), and use the reciprocating shaker to perform extraction by shaking for 30 min. After centrifugation (3000 rpm, 5 min), separate the supernatant liquid. Repeat the procedure with the residue using 15 ml of the mixture of methanol and 0.1% phosphoric acid (3 : 1), combine the supernatant liquids, and add the mixture of methanol and 0.1% phosphoric acid (3 : 1) to make exactly 50 ml. Centrifuge (12000 rpm, 10 min), and use the supernatant liquid as the sample solution.
Analytical Conditions Column: XBridge C18 (5 mm, 250ϫ4.6 mm i.d., Waters).
Mobile Phase: Solution A, a mixture of 0.1% phosphoric acid, methanol, and acetonitrile (85 : 7.5 : 7.5). Solution B, a mixture of acetonitrile, 0.1 % phosphoric acid, and methanol (85 : 7.5 : 7.5). For 35 min after injection of the sample, deliver an increasing volume of the solution B in the mobile phase by the lineal ingredient from the solution A 100% in such a manner to obtain a mixture of solution A and solution B (1 : 1). 
